Introduction
Over the past decade, it has become clear that the role of vitamin D goes beyond the modulation of calcium homeostasis and bone health. An important extraskeletal effect of vitamin D is the regulation of the immune system. 1 Current data link vitamin D status to many autoimmune diseases, such as vitiligo, systemic lupus erythematosus, multiple sclerosis, rheumatoid arthritis and inflammatory bowel disease. [2] [3] [4] This is well explained by the ubiquitous presence of vitamin D receptors which are expressed on natural killer cells, T lymphocytes and B lymphocytes, suggesting an effect on innate and adaptive immune responses. 5, 6 Studies have found that vitamin D deficiency (VDD) impairs immune responses and self-tolerance by compromising the functions of these cells. 7 Systemic sclerosis (SSc) is a connective tissue disease characterized by the obliteration of the microvasculature, dysfunction of the immune system and excessive submit your manuscript | www.dovepress.com
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An et al deposition of matrix substances in the skin and internal organs. 8 It remains a public health problem globally, disabling normal functions and impairing the quality of life. More than 50% of SSc patients eventually die as a direct result of the disease. 9 A large number of factors have been reported which may affect the initiation and progression of SSc; one of these factors is serum vitamin D level.
Several studies have aimed to determine whether VDD is associated with SSc; however, results are inconsistent. There have been three systemic reviews exploring the association between VDD and SSc, which concluded that hypovitaminosis D is very frequent in SSc and severe in a relevant percentage of patients. [10] [11] [12] However, a meta-analysis was neither performed, nor did they perform a further analysis based on factors such as vitamin D insufficiency and VDD.
Therefore, we conducted a meta-analysis to provide additional evidence to support or refute an association between hypovitaminosis D and SSc.
Methods
Literature search strategy
We performed a comprehensive search in the databases including PubMed, Web of Science, Cochrane Library and Wanfang through June 12, 2017. The keywords used for searching potentially relevant data were "Vitamin D" and "Systemic sclerosis". The search strategy used in PubMed was "(Vitamin D) AND Systemic sclerosis". In addition, we manually examined reference lists of retrieved articles to further identify potentially relevant publications.
inclusion and exclusion criteria
Studies were included if they met the following criteria: 1) clinical studies investigating the role of vitamin D in patients diagnosed with SSc; 2) case-control studies calculating vitamin D levels in SSc patients and healthy patients, or studies investigating the relationship between vitamin D level and the characteristics of SSc patients; 3) for case-control studies, the mean value and standard deviation of vitamin D levels should be provided in the article, and for other studies, relative data should be provided to assess the impact of vitamin D on SSc patients. Cases, letters, reviews and articles with insufficient data were excluded. If multiple studies were performed on the population of same origin, only the most recent and comprehensive research was used.
Data extraction
Two authors performed data extraction independently, and any discrepancies were resolved by a consensus. The main characteristics of the included case-control studies were extracted, including the first author, publication time, country, study sample size (case-control group) and mean and standard deviation of vitamin D levels (case-control group). The vitamin D levels in both limited-type and diffused-type SSc patients were also extracted. Other collected data included cutoff values for VDD/vitamin D insufficiency and characteristics of SSc patients (Rodnan score, gastrointestinal ulcer, pulmonary involvement and systolic arterial pressure).
Statistical analysis
For continuous variables, pooled standardized mean difference (SMD) was used to estimate the mean vitamin D difference between case and control groups (or between diffused-type and limited-type SSc). For discontinuous variables, pooled risk ratios (RRs) with 95% confidence intervals (CIs) were used to assess the impact of vitamin level on clinical characteristics of SSc patients. Statistical heterogeneity was assessed using the I 2 test, and I 2 .50% was defined as high heterogeneity. A fixed-effect model was used when I 2 was ,50%; otherwise, a random-effect model was used. All statistical analyses were performed using Revman 5.0 software. Publication bias was assessed using funnel plots. P-value ,0.050 was considered statistically significant.
Results
Literature information
Initially, 609 publications were retrieved from the available databases. After reading titles and abstracts of each, 577 were excluded which included reviews, duplicates, letters, case reports and articles not analyzing the relationship between vitamin D and SSc. An additional 24 studies were excluded because they were not case-control studies or available data could not be extracted. Eight publications met the inclusion criteria and were used in our meta-analysis. The search process for the potential publication literature is shown in Figure 1 .
Characteristics of included studies
As shown in Table 1 , six case-control studies were included in this meta-analysis, which investigated vitamin D level differences between SSc patients and healthy controls. [13] [14] [15] [16] [17] [18] The publication dates ranged from 2011 to 2016, and the populations of origin were based in four countries (Italy 3, China 1, Israel 1 and Brazil 1). The study sample size for SSc patients ranged from 10 to 327, and the sample size for healthy controls ranged from 10 to 141. Four studies reported the duration of disease, and four provided information on SSc types. As shown in Table 2 , three studies investigated 
Meta-analysis of the vitamin D difference between case and control groups
Six studies with a total of 554 SSc patients and 321 healthy controls investigated differences in vitamin D levels between case and control groups. Since high heterogeneity was not identified between the included studies (I 2 =50%), a fixedeffect model was used. Meta-analysis results showed that SSc patients suffered from decreased vitamin D levels (SMD =-8.72 ng/mL; 95% CI: -10.11 to -7.32) compared with healthy people (Figure 2 ).
Meta-analysis of the vitamin D difference between diffused-and limited-type SSc patients
In total, three studies with 240 SSc patients (93 diffused and 147 limited type) investigated differences in vitamin D levels.
High heterogeneity was identified between the included studies (I 2 =65%); therefore, a random-effect model was used. Metaanalysis results determined that diffused-type SSc patients exhibited lower vitamin D levels (SMD =-4.71 ng/mL; 95% CI: -8.98 to -0.44) compared with limited-type SSc patients ( Figure 3 ).
Meta-analysis of correlation of vitamin D level with clinical characteristics in SSc patients
According to the three included studies, vitamin D level $30 ng/mL was defined as optimal, between 10 and 30 ng/mL as insufficient and ,10 ng/mL as deficient. 
Publication bias
In this meta-analysis, we did not use a test to examine potential publication bias. However, no publication bias was found for the vitamin D difference between case and control groups, which was seen from the nearly symmetrical funnel plots for this meta-analysis ( Figure 5 ). 
Discussion
Vitamin D is a steroid hormone that plays a critical role not only in calcium and bone metabolism but also in immunity. VDD is known to be linked with many autoimmune diseases. 2, 3 Numerous studies have been conducted to study whether vitamin D is associated with SSc; however, they produced varying results. [13] [14] [15] [16] [17] [18] [19] [20] There have been several systemic reviews on associations between vitamin D and SSc; however, a meta-analysis has not been done, nor has further analysis based on factors such as vitamin D insufficiency and VDD been conducted.
To the best of our knowledge, this is the first meta-analysis investigating the association between serum vitamin D levels and SSc. The relationship between vitamin D and SSc is a disputed issue, and it is still unclear whether vitamin D is a cause, accelerating factor or consequence of SSc. Our results demonstrate that SSc patients have decreased vitamin D levels when compared with healthy people. The main source of vitamin D for the body is exposure to sunlight, which induces the conversion of a precursor located in the skin to the active form of vitamin D, and vitamin D status is also affected by nutrient intake as well as gastrointestinal absorption. 17 Poor vitamin D status in SSc patients seems to be related to skin or mucosa thickening, which results in insufficient sun exposure and insufficient intake and malabsorption. We thus hypothesized that SSc patients, especially diffused type, would have lower vitamin D levels. Further, our study demonstrated that serum vitamin D levels in diffused-type SSc patients were significantly lower than those in limitedtype SSc patients. Therefore, we assume that low vitamin D level is a manifestation of SSc, and that SSc is responsible for VDD.
The association between SSc patients and vitamin D levels might also be explained by the hypothesis that low vitamin D level directly increases the risk of autoimmune disease. Vitamin D has been substantiated to have an antifibrotic effect on fibroblasts, inhibit synthesis of the extracellular matrix and regulate the skin's immune system. 21 The receptors of vitamin D on immune cells can modulate immune responses. 5 Furthermore, vitamin D can increase the activity of anti-inflammatory mediators and decrease the expression of proinflammatory cytokines. 22 It is reported that patients with VDD have more severe disease than those with vitamin D insufficiency. 20 However, based on our meta-analysis results, 
Study or subgroup
Arnson et al 17 Atteritano et al 18 Corrado et al 15 Seriolo et al 16 Shinjo et al 14 Zhang et al 20 which suggests that the supplementation of vitamin D has some therapeutic effect in SSc treatment. As for the reason why standard doses of oral vitamin D supplements failed to correct the lower vitamin D status in SSc patients, reduced absorption capacity of thickening intestine is assumed to be the determinant for failure of oral treatment. 24 A study carried out in Sweden showed that ultraviolet B (UVB) therapy was a more effective approach in increasing serum vitamin D levels in SSc patients, suggesting that physical therapy might be a better treatment method for SSc patients. 25 Considering that the above studies are based on a small sample size, precise studies with large-scale clinical trials are needed to assess the effect of vitamin D treatment on SSc outcomes and clarify whether VDD is a contributing factor to SSc.
Limitations
The primary concern in this meta-analysis is the limited sample size and number of included studies. Subsequently, we could not make a conclusion whether VDD is a risk factor or consequence of SSc. Lastly, most of the studies are retrospective rather than prospective. These limitations show that more prospective and high-quality studies with larger sample sizes are needed to further clarify the correlation of vitamin D with SSc, and especially whether vitamin D is a cause, accelerating factor or consequence of SSc.
Conclusion
SSc patients exhibited lower vitamin D levels compared with healthy controls. Vitamin D levels of diffused-type SSc patients were significantly lower than those in limitedtype SSc patients. The severity of clinical features was not associated with the extent of vitamin D deficit. Therefore, we hypothesize that SSc patients, especially diffused type, have lower vitamin D levels and that the decrease of vitamin D levels might not be an accelerating factor of SSc severity.
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